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Methods
Participants
Use of medications during the study

The use of medications that may interfere with the study medications (e.g., antidepressants, antipsychotics, and sedatives) was not allowed. Medications that were not expected to interfere with the study drug were allowed. Eleven participants have used a medication during the time they participated in the study. These medications included analgesics including ibuprofen, diclofenac, acetaminophen, antihistaminics such as fexofenadine, cetirizine, antihistaminic nose drops, nose drops containing phenylephrine or xylometazoline, oral acetylcysteine for common cold, inhalative corticosteroids. None of the drugs were taken on actual study days. 

Subjective drug effects measurements
Visual Analog Scales (VASs)

Subjective effects were assessed repeatedly using visual analog scales (VASs) (1, 2) 1 h before and 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 16 and 24 h after drug administration. The VASs included “any drug effect,” “good drug effect,” “bad drug effect,” “drug liking,” “stimulated,” “fear”, “ego dissolution,” “concentration,” and “sense of time” (1, 3). The VASs were presented as 100-mm horizontal lines (0-100%), marked from “not at all” on the left to “extremely” on the right. The VAS “perception of time” was bidirectional and marked with “normal” in the middle at 50 mm and “slowed” on the left (0 mm) and “accelerated” (100 mm) on the right. The VAS “concentration” was bidirectional and marked with “normal” in the middle at 50 mm and “not at all” (0 mm) on the left and “extremely” (100 mm) on the right. The primary VAS outcome measures were “any drug effect”, “good drug effect”, “bad drug effect”, and “ego  dissolution”. These VAS have been repeatedly used and shown to be sensitive with LSD (1, 2, 4, 5) and were included for the pharmacokinetic-pharmacodynamic modeling as similarly done previously (4, 5). The VAS can relatively rapidly and easily be completed by the participant during the LSD experience and allow to define the drug effect over time. They are sensitive but relatively simple measures. More complex assessments of the LSD state have to be performed primarily at the end of the session and include entire multi-item questionnaires. The VAS “any drug effect” is an overall effect measure to characterize the overall effect intensity and time course. The VAS “good drug effect” is an overall measure of effects subjectively considered positive and interrelated with other measures such as “drug liking”. The VAS “bad drug effect” is an overall measure of any negative effects and related to “fear”. Typically, “bad drug effects” tend to occur at higher doses or plasma concentrations according to previous PK-PD analyses (4, 5). The VAS “ego dissolution” was marked with the sentence: “the boundaries between myself and my surroundings seemed to blur”. This is also an item (nr. 71) of the 5D-ASC which has been used as a simple measure of “ego dissolution” previously (6, 7) and can be used repeatedly as single VAS (1, 4). 
VASs were assessed each time LSD blood concentrations were measured to allow for pharmacokinetic-pharmacodynamic modeling. 

Adjective Mood Rating Scale (AMRS)

The Adjective Mood Rating Scale (AMRS) (8) was used 1 h before and 3, 6, 9, 12, and 24 h after drug administration. The AMRS is a validated 60-item Likert mood rating scale mainly use in Europe and consists of subscales including ratings on “well-being”, “anxiety”, “inactivity”, “extraversion”, “introversion”, and “emotional excitation”. It is suitable for repeated measurements of mood states. The short German EWL60S version was used (8). The completion of the ratings under the effects of psychedelics substances is possible but difficult because it lasts several minutes. The scale was used in paper and pencil version but it may be more suitable to use this measure verbally during states of markedly impaired concentration. The AMRS was included as a secondary supportive measure because it could be considered a better validated measure of mood states and producing more defined ratings than the VAS and to support findings on the VAS (AMRS well-being considered similar to VAS good drug effects; AMRS anxiety considered similar to VAS fear).  

5 Dimensions of Altered States of Consciousness (5D-ASC) scale

The 5 Dimensions of Altered States of Consciousness (5D-ASC) scale (9, 10) was used as the primary outcome measure and was administered 24 h after drug administration to retrospectively rate peak drug effects. The 5D-ASC scale measures altered states of consciousness and contains 94 items (visual analog scales). The instrument consists of five subscales/dimensions ((9) and 11 lower-order scales (10). The 5D-ASC dimension “Oceanic Boundlessness” (27 items) measures derealization and depersonalization associated with positive emotional states, ranging from heightened mood to euphoric exaltation. The corresponding lower-order scales include “experience of unity,” “spiritual experience,” “blissful state,” and “insightfulness.” The dimension “Anxious Ego Dissolution” (21 items) summarizes ego-disintegration and loss of self-control phenomena associated with anxiety. The corresponding lower-order scales include “disembodiment,” “impaired control of cognition,” and “anxiety.” The dimension “Visionary Restructuralization” (18 items) consists of the lower-order scales “complex imagery,” “elementary imagery,” “audio-visual synesthesia,” and “changed meaning of percepts.” Two additional dimensions describe “Auditory Alterations” (15 items) and “Reduction of Vigilance” (12 items). The total ASC score is the total of the three main dimensions “Oceanic Boundlessness”, “Anxious Ego-Dissolution”, and “Visionary Restructuralization” and can be used as a measure of the overall intensity of the alteration of the mind (7). The scale is well-validated in German (9) and many other languages and widely used to characterize the subjective effects of various psychedelic drugs. In particular, the scale has been used most research groups to psychometrically assess LSD effects (1, 2, 11-14). Furthermore, acute ratings on the 5D-ASC have been used to predict long-term effects of psychedelic treatments in patients (15, 16). Ratings on the 5D-ASC have been shown to closely correlate with ratings on the Mystical Effects Questionnaire (MEQ, see below) (7) which is primarily used by research groups in the US (16). 

Mystical Effects Questionnaire (MEQ30)

Mystical experiences were assessed 24 h after drug administration using the 100-item States of Consciousness Questionnaire (SOCQ) (7, 17) that includes the 43-item Mystical Effects Questionnaire (MEQ43) (17), 30-item Mystical Effects Questionnaire (MEQ30) (18), and subscales for “aesthetic experience” and negative “nadir” effects. The published German version was used (7). The MEQ has been used in numerous experimental and therapeutic trials with psilocybin (16, 17, 19-25). The MEQ items provide scale scores for each of seven domains of mystical experiences: internal unity, external unity, sacredness, noetic quality (as real as or more real than everyday reality), deeply felt positive mood, transcendence of time and space, and ineffability/paradoxicality (difficulty describing the experience in words). The total of all scale scores was used as an overall measure of the mystical-type experience. We also derived the four scale scores of the newly validated revised 30-item MEQ: mystical, positive mood, transcendence of time and space, and ineffability (18). A complete mystical experience was defined as scores ≥ 60% on all MEQ30 factors (18). While we prefer the German 5D-ASC scale, the German version of the MEQ was also included to facilitate comparison of our findings with those from research using the MEQ (mainly US). Additionally, some aspects of the LSD experience may be better captures with this scale. For the scale validation see (18). For an analysis of the interrelation of the two measures with regards to responses to LSD see (7). For the German translation of the MEQ30 see online supplement of (7).  




[image: ]Results
Figure S1. Subjective effects over time on the Adjective Mood Rating Scale (AMRS). The data are expressed as mean ± SEM changes from baseline. Higher doses of lysergic acid diethylamide (LSD; 100 and 200 µg) increased ratings of introversion, inactivity, and emotional excitation compared with placebo. Only the 200 µg dose of LSD significantly increased ratings of anxiety compared with placebo. Only the 50 µg dose of LSD significantly increased ratings of well-being compared with placebo. LSD had no effect on ratings of extraversion. LSD (25-200 µg) or placebo was administered at t = 0 h. Ketanserin (K) or placebo was administered at t = -1 h. The corresponding maximal effects and statistics are shown in Supplementary Table S2.
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Figure S2. Acute mystical-type experiences on the Mystical Effects Questionnaire (MEQ). Lysergic acid diethylamide (LSD) dose-dependently increased MEQ scale ratings, with a trend toward a ceiling effect at the 100 µg dose. Only “nadir” scores, reflecting negative experiences, increased at the 200 µg dose compared with the 100 µg dose. Placebo scores were too low for visualization. Ketanserin markedly reduced the response to the highest LSD dose (200 g) approximately to the level of the 25 µg dose. The data are expressed as the mean ± SEM percentage of maximally possible scale scores in 16 subjects. Statistics are shown in Supplementary Table S2.
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Figure S3. Subjective responses on the main 5D-ASC and VAS (Emax) scales in LSD-experienced (n=6) and LSD-naïve participants (n=10). The data are expressed as mean ± SEM. There was no statistically significant difference between both groups. 
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Figure S4. Plasma concentrations of Brain-Derived Neurotrophic Factor (BDNF). The data are expressed as mean ± SEM. LSD (25-200 µg) or placebo was administered at t = 0 h. Ketanserin (K) or placebo was administered at t = -1 h. The corresponding maximal effects and statistics are shown in Supplementary Table S2.
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Figure S5. LSD plasma concentration-time curves. LSD was orally administered as a solution in ethanol at a dose of 25 µg at t = 0. The data represent individual observed LSD plasma concentrations as measured at the different time points (○) and the LSD concentrations predicted by the one-compartment pharmacokinetic model (blue lines).
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Figure S6. LSD plasma concentration-time curves. LSD was orally administered as a solution in ethanol at a dose of 50 µg at t = 0. The data represent individual observed LSD plasma concentrations as measured at the different time points (○) and the LSD concentrations predicted by the one-compartment pharmacokinetic model (blue lines).
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Figure S7. LSD plasma concentration-time curves. LSD was orally administered as a solution in ethanol at a dose of 100 µg at t = 0. The data represent individual observed LSD plasma concentrations as measured at the different time points (○) and the LSD concentrations predicted by the one-compartment pharmacokinetic model (blue lines).
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Figure S8. LSD plasma concentration-time curves. LSD was orally administered as a solution in ethanol at a dose of 200 µg at t = 0. The data represent individual observed LSD plasma concentrations as measured at the different time points (○) and the LSD concentrations predicted by the one-compartment pharmacokinetic model (blue lines).
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Figure S9. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 25 µg at t = 0 h. The data represent individual observed LSD responses on the “Any drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S10. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 50 µg at t = 0 h. The data represent individual observed LSD responses on the “Any drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S11. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 100 µg at t = 0 h. The data represent individual observed LSD responses on the “Any drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S12. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 200 µg at t = 0 h. The data represent individual observed LSD responses on the “Any drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S13. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 25 µg at t = 0 h. The data represent individual observed LSD responses on the “Good drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S14. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 50 µg at t = 0 h. The data represent individual observed LSD responses on the “Good drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S15. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 100 µg at t = 0 h. The data represent individual observed LSD responses on the “Good drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S16. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 200 µg at t = 0 h. The data represent individual observed LSD responses on the “Good drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S17. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 25 µg at t = 0 h. The data represent individual observed LSD responses on the “Bad drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S18. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 50 µg at t = 0 h. The data represent individual observed LSD responses on the “Bad drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S19. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 100 µg at t = 0 h. The data represent individual observed LSD responses on the “Bad drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S20. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 200 µg at t = 0 h. The data represent individual observed LSD responses on the “Bad drug effect” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S21. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 25 µg at t = 0 h. The data represent individual observed LSD responses on the “Ego dissolution” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S22. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 50 µg at t = 0 h. The data represent individual observed LSD responses on the “Ego dissolution” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S23. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 100 µg at t = 0 h. The data represent individual observed LSD responses on the “Ego dissolution” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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Figure S24. Subjective responses to LSD. LSD was orally administered as a solution in ethanol at a dose of 100 µg at t = 0 h. The data represent individual observed LSD responses on the “Ego dissolution” Visual Analog Scale (rated 0-100%) at the different time points (●) and the pharmacokinetic-pharmacodynamic model-predicted effect (black lines).
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image5.emf
Subject LSD psilocybin MDMA cocaine d-amphetamine methylphenidate smoked opium Cannabis

1

3 0 3 0 1 1 0 0

2

1 0 1 2 1 2 0 20

3

0 0 1 0 1 0 0 0

4

0 0 1 0 0 1 0 0

5

2 0 5 0 0 1 0 0

6

1 0 5 0 0 0 0 250

7

1 0 0 0 1 0 0 5

8

0 0 0 0 0 0 0 20

9

2 0 2 0 3 0 0 6

10

0 0 0 0 0 0 0 3

11

0 0 0 0 0 0 0 200

12

0 0 0 0 0 0 0 0

13

0 0 0 1 0 0 1 3

14

0 0 0 0 0 0 0 2

15

0 0 0 0 0 0 0 2

16

0 0 2 0 3 0 0 10

Values are times used in life. Experiences with LSD, MDMA, d-amphetamine and methylphenidate were mainly in the context of research studies.  

Table S1. Life-time prevalence of drug use
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Table S2. Mean values and statistics for the acute effects of LSD alone, LSD + ketanserin, and placebo.

Placebo LSD 25 

µg

LSD 50 

µg

LSD 100 

µg

LSD 200 

µg

LSD 200 

µg + 

Ketanserin

(mean ± SEM)(mean ± SEM)(mean ± SEM)(mean ± SEM)(mean ± SEM)(mean ± SEM)

Subjective effects

Visual Analoge Scale (VAS, %max)

Any drug effect ΔE

max

0.9 ± 0.6 20 ± 3.8 57 ± 5.5 86 ± 5.7 83 ± 6.7 22 ± 4.9 72.9

<0.001

* *** *** *** * *** *** ***

NS

*** *** ***

NS

*** ***

AUEC

0.6 ± 0.4 58 ± 12 205 ± 32 431 ± 51 508 ± 82 133 ± 33 31.2

<0.001 NS

** *** ***

NS NS

*** ***

NS

*** ***

NS NS

*** ***

Good drug effect ΔE

max

1.1 ± 0.8 32 ± 6.8 59 ± 6.7 81 ± 6.9 82 ± 6.6 22 ± 6.8 43.3

<0.001

*** *** *** *** * ** *** ***

NS

* * ***

NS

*** ***

Bad drug effect ΔE

max

0.1 ± 0.1 1.6 ± 0.8 1.5 ± 0.4 17 ± 5.9 28 ± 8.7 1.6 ± 0.6 8.82

<0.001 NS NS

* ***

NS NS NS

***

NS NS

***

NS NS NS

***

Drug liking ΔE

max

0.8 ± 0.5 32 ± 7.5 60 ± 6.7 79 ± 8.1 76 ± 7.8 26 ± 7.2 29.5

<0.001

*** *** *** *** * * *** ***

NS NS NS

***

NS

*** ***

Stimulated ΔE

max

0.1 ± 0.1 9.3 ± 3.3 40 ± 6.4 57 ± 10 66 ± 8.5 8.0 ± 2.4 27.8

<0.001 NS

*** *** ***

NS

** *** ***

NS NS

* ***

NS

*** ***

Fear ΔE

max

0.0 ± 0.0 0.2 ± 0.1 1.2 ± 0.8 11 ± 6.7 15 ± 8.4 0.4 ± 0.3 2.85

<0.05 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

Ego dissolution ΔE

max

0.0 ± 0.0 1.5 ± 0.7 21 ± 6.7 51 ± 9.6 73 ± 7.5 4.9 ± 3.7 35.6

<0.001 NS

* *** ***

NS NS

*** ***

NS

** ***

NS

* *** ***

Concentration ΔE

max

0.0 ± 0.0 0.3 ± 0.2 3.4 ± 2.1 11 ± 4.3 11 ± 4.6 1.8 ± 1.1 4.31

<0.01 NS NS

* *

NS NS

* *

NS NS NS NS NS NS NS

ΔE

min

-0.8 ± 0.7 -6.4 ± 2.1 -22 ± 3.6 -37 ± 4.8 -44 ± 2.9 -7.8 ± 2.1 50.9

<0.001 NS

*** *** ***

NS

*** *** ***

NS

** *** **

NS

*** ***

Sense of time ΔE

max

0.1 ± 0.1 0.2 ± 0.1 0.7 ± 0.6 3.8 ± 3.0 13 ± 5.0 1.9 ± 1.6 4.54

<0.01 NS NS NS

**

NS NS NS

**

NS NS

**

NS NS NS

*

ΔE

min

-0.1 ± 0.1 -5.4 ± 2.2 -25 ± 4.4 -32 ± 4.5 -41 ± 3.3 -3.4 ± 1.8 43.0

<0.001 NS

*** *** ***

NS

*** *** ***

NS NS

*** ***

NS

*** ***

5 Dimensions of Altered States of Consciousness (ASC) Scale

Total ASC score % score

0.1 ± 0.0 2.2 ± 0.6 9.5 ± 1.8 23 ± 2.9 30 ± 3.2 4.5 ± 1.5 52.0

<0.001 NS

** *** ***

NS

* *** ***

NS

*** ***

NS NS

*** ***

Oceanic boundlessness % score

0.0 ± 0.0 2.9 ± 1.0 12 ± 2.8 28 ± 4.7 36 ± 5.1 4.1 ± 2.2 29.3

<0.001 NS

* *** ***

NS NS

*** ***

NS

*** ***

NS NS

*** ***

Anxious ego-dissolution % score

0.0 ± 0.0 0.6 ± 0.3 3.3 ± 1.1 11 ± 2.6 21 ± 5.4 1.1 ± 0.4 14.0

<0.001 NS NS

** ***

NS NS

* ***

NS NS

***

NS

* * ***

Visionary restructuralization % score

0.1 ± 0.0 3.1 ± 1.2 18 ± 4.1 43 ± 5.4 50 ± 4.7 7.4 ± 3.1 45.9

<0.001 NS

** *** ***

NS

* *** ***

NS

*** ***

NS NS

*** ***

Auditory alterations % score

0.0 ± 0.0 0.4 ± 0.2 2.6 ± 1.0 9.1 ± 3.2 13 ± 3.3 2.5 ± 1.7 8.39

<0.001 NS NS

** ***

NS NS

* ***

NS NS

**

NS NS NS

**

Reductions of vigilance % score

0.6 ± 0.2 4.5 ± 1.7 12 ± 2.3 24 ± 4.8 27 ± 4.7 10 ± 2.8 16.6

<0.001 NS

* *** ***

NS NS

*** ***

NS

* **

NS NS

** ***

Experience of unity % score

0.0 ± 0.0 1.1 ± 0.7 10.± 3.3 26 ± 6.0 40 ± 7.5 3.5 ± 2.6 17.4

<0.001 NS NS

*** ***

NS NS

*** ***

NS

* ***

NS NS

** ***

Spiritual experience % score

0.0 ± 0.0 0.9 ± 0.9 4.9 ± 2.4 17 ± 4.5 18 ± 4.1 3.0 ± 1.8 10.9

<0.001 NS NS

*** ***

NS NS

*** ***

NS

* **

NS NS

** ***

Blissful state % score

0.1 ± 0.1 5.6 ± 1.8 18 ± 5.3 34 ± 7.8 33 ± 5.5 5.5 ± 2.6 10.5

<0.001 NS NS

*** ***

NS NS

*** ***

NS NS NS NS NS

*** ***

Insightfulness % score

0.0 ± 0.0 3.4 ± 1.8 9.9 ± 3.4 30 ± 6.1 29 ± 5.6 2.2 ± 1.1 17.7

<0.001 NS NS

*** ***

NS NS

*** ***

NS

*** **

NS NS

*** ***

Disembodiment % score

0.0 ± 0.0 0.1 ± 0.1 3.6 ± 1.5 16 ± 5.8 37 ± 6.9 1.0 ± 0.6 16.9

<0.001 NS NS

* ***

NS NS

* ***

NS NS

***

NS

** * ***

Impaired control and cognition% score

0.1 ± 0.1 1.6 ± 0.8 6.6 ± 2.4 19 ± 3.5 27 ± 5.2 2.4 ± 1.0 23.3

<0.001 NS NS

*** ***

NS NS

*** ***

NS

** ***

NS NS

*** ***

Anxiety % score

0.0 ± 0.0 0.0 ± 0.0 0.5 ± 0.3 6.1 ± 3.0 17 ± 7.7 0.4 ± 0.3 4.51

<0.01 NS NS NS

**

NS NS NS

**

NS NS

**

NS NS NS

**

Complex imagery % score

0.0 ± 0.0 4.3 ± 2.2 19 ± 6.6 53 ± 8.2 62 ± 8.1 8.8 ± 3.7 28.5

<0.001 NS NS

*** ***

NS NS

*** ***

NS

*** ***

NS NS

*** ***

Elementary imagery % score

0.4 ± 0.3 2.6 ± 1.2 25 ± 6.9 50 ± 5.9 68 ± 6.6 14 ± 6.8 26.8

<0.001 NS

* *** ***

NS

* *** ***

NS

* ***

NS NS

*** ***

Audio-visual synesthesia % score

0.0 ± 0.0 3.1 ± 1.6 25 ± 6.8 58 ± 8.4 70 ± 7.6 12 ± 5.2 28.5

<0.001 NS

* *** ***

NS NS

*** ***

NS

** ***

NS NS

*** ***

Changed meaning of percepts% score

0.0 ± 0.0 1.3 ± 0.6 12 ± 3.5 26 ± 8.0 30 ± 5.5 2.6 ± 1.3 12.9

<0.001 NS NS

*** ***

NS NS

*** ***

NS NS

*

NS NS

*** ***

Mystical Effects Questionnaire (MEQ43)

Internal unity % score

0.0 ± 0.0 3.8 ± 1.6 14 ± 4.2 28 ± 6.3 38 ± 6.7 7.5 ± 3.7 16.3

<0.001 NS NS

*** ***

NS NS

*** ***

NS NS

***

NS NS

** ***

External unity % score

0.0 ± 0.0 3.3 ± 1.9 12.7 ± 3.7 26 ± 5.2 33 ± 5.3 9.8 ± 4.0 18.4

<0.001 NS

* *** ***

NS NS

*** ***

NS

* ***

NS NS

** ***

Sacredness % score

0.0 ± 0.0 6.3 ± 2.4 19.1 ± 4.7 30 ± 6.5 34 ± 6.4 11 ± 4.8 12.1

<0.001 NS

** *** ***

NS NS

*** ***

NS NS NS NS NS

* **

Noetic quality % score

1.3 ± 1.3 8.1 ± 3.7 15 ± 3.6 35 ± 6.6 27 ± 5.3 6.6 ± 3.2 16.4

<0.001 NS

* *** ***

NS NS

*** **

NS

***

NS NS NS

*** ***

Deeply felt positive mood % score

0.0 ± 0.0 16 ± 4.1 30 ± 5.7 39 ± 5.9 44 ± 6.4 16 ± 5.6 16.1

<0.001 NS

*** *** ***

NS NS

** ***

NS NS NS NS NS

** ***

Transcendence of time/space% score

0.0 ± 0.0 6.3 ± 2.0 25 ± 5.0 46 ± 6.5 61 ± 7.0 11 ± 4.4 37.0

<0.001 NS

*** *** ***

NS

* *** ***

NS

** ***

NS NS

*** ***

Ineffability % score

0.0 ± 0.0 9.5 ± 4.1 32 ± 5.7 52 ± 4.9 61 ± 5.2 15 ± 5.7 40.3

<0.001 NS

*** *** ***

NS

** *** ***

NS

** *** *

NS

*** ***

Mystical Effects Questionnaire (MEQ30)

Mystical % score

0.3 ± 0.3 4.4 ± 2.0 14.8 ± 4.2 28 ± 6.4 32 ± 5.7 8.1 ± 3.8 14.4

<0.001 NS

* *** ***

NS NS

*** ***

NS NS

**

NS NS

** ***

Positive mood % score

0.0 ± 0.0 18 ± 4.0 31 ± 5.2 42 ± 5.5 45 ± 6.4 17 ± 5.9 18.8

<0.001

* *** *** *** *

NS

*** ***

NS NS NS NS NS

*** ***

Transcendence of time/space% score

0.0 ± 0.0 7.3 ± 2.2 26 ± 4.9 47 ± 6.0 61 ± 6.9 11 ± 4.3 39.9

<0.001 NS

*** *** ***

NS

** *** ***

NS

** ***

NS NS

*** ***

Ineffability

% score

0.0 ± 0.0 13 ± 5.3 45 ± 7.1 71 ± 5.8 78 ± 6.0 19 ± 6.7 39.6

<0.001 NS

*** *** ***

NS

*** *** ***

NS

** *** **

NS

*** ***

MEQ30 total score

% score

0.2 ± 0.2 8.5 ± 2.4 23 ± 4.4 39 ± 5.3 45 ± 5.4 12 ± 4.4 30.5

<0.001 NS

*** *** ***

NS

* *** ***

NS

* ***

NS NS

*** ***

Nadir % score

0.0 ± 0.0 1.4 ± 0.6 7.6 ± 2.5 14 ± 3.6 26 ± 6.8 4.3 ± 1.6 11.8

<0.001 NS NS

** ***

NS NS

* ***

NS NS

***

NS

*

NS

***

Aesthetic Experience % score

0.5 ± 0.3 8.5 ± 2.78 28 ± 5.2 46 ± 5.8 48 ± 5.7 17 ± 4.2 27.4

<0.001 NS

*** *** *** * ** *** ***

NS

* **

NS NS

*** ***
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Adjective Mood Rating Scale (AMRS score)

Well-being ΔE

max

0.5 ± 0.3 2.6 ± 0.8 4.1 ± 1.0 3.1 ± 1.2 4.0 ± 1.3 2.3 ± 0.8 2.41

<0.05 NS

*

NS NS NS NS NS NS NS NS NS NS NS NS NS

Anxiety ΔE

max

0.0 ± 0.1 0.3 ± 0.1 0.2 ± 0.2 1.0 ± 0.5 1.8 ± 0.7 0.2 ± 0.2 4.07

<0.01 NS NS NS

**

NS NS NS

*

NS NS

*

NS NS NS

*

Inactivity ΔE

max

2.9 ± 0.8 4.3 ± 1.1 6.4 ± 1.0 9.4 ± 2.0 9.6 ± 1.6 5.4 ± 1.3 6.27

<0.001 NS NS

*** ***

NS NS

* *

NS NS NS NS NS NS NS

Extraversion ΔE

max

0.1 ± 0.2 0.8 ± 0.4 0.5 ± 0.4 0.5 ± 0.4 0.8 ± 0.5 0.2 ± 0.3 0.74

NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

Introversion ΔE

max

0.6 ± 0.3 0.8 ± 0.4 3.0 ± 0.7 4.8 ± 1.1 4.3 ± 0.9 1.9 ± 0.6 11.6

<0.001 NS

* *** ***

NS

* *** ***

NS NS NS NS NS

** *

Emotional excitation ΔE

max

-0.6 ± 0.3 -0.2 ± 0.4 0.9 ± 0.8 5.8 ± 1.9 5.4 ± 1.2 0.1 ± 0.5 9.25

<0.001 NS NS

*** ***

NS NS

*** **

NS

** *

NS NS

** **

Autonomic effects

Systolic blood pressure (mmHg)E

max

131 ± 3.5 133 ± 3.0 137 ± 3.2 139 ± 3.5 138 ± 2.4 133 ± 3.0 5.05

<0.001 NS

* ** *

NS NS NS NS NS NS NS NS NS NS NS

E

min

110 ± 2.7 113 ± 2.9 115 ± 2.3 113 ± 2.9 117 ± 2.2 109 ± 3.0 6.77

<0.001 NS NS NS

**

NS NS NS NS NS NS NS

**

NS NS

***

Diastolic blood pressure (mmHg)E

max

80 ± 2.1 83 ± 1.7 84 ± 1.9 85 ± 2.0 87 ± 2.0 83 ± 1.8 4.76

<0.001 NS NS

* ***

NS NS NS NS NS NS NS NS NS NS NS

E

min

64 ± 1.7 65 ± 1.7 67 ± 1.7 66 ± 1.7 69 ± 1.5 63 ± 1.8 6.57

<0.001 NS NS NS

**

NS NS NS

*

NS NS NS

**

NS

* ***

Heart rate (beats/min) E

max

75 ± 2.7 76 ± 2.8 79 ± 2.1 83 ± 3.3 86 ± 3.9 77 ± 3.3 9.59

<0.001 NS NS

** ***

NS NS

* ***

NS NS

**

NS NS NS

***

Body temperature (°C) E

max

37.3 ± 0.1 37.3 ± 0.07 37.4 ± 0.08 37.5 ± 0.09 37.5 ± 0.1 37.3 ± 0.09 2.17

NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

List of Complaints (LC score)

Acute adverse effects 0-12 h

1.6 ± 0.8 4.0 ± 1.0 6.1 ± 1.4 12 ± 2.5 13.5 ± 3.3 4.6 ± 1.1 10.8

<0.001 NS NS

*** ***

NS NS

** ***

NS

* **

NS NS

** ***

Subacute adverse effects 12-24 h

0.3 ± 0.3 0.8 ± 0.3 2.2 ± 1.6 5.9 ± 2.3 4.5 ± 1.9 4.4 ± 1.9 3.69

<0.01 NS NS

*

NS NS NS

*

NS NS NS NS NS NS NS NS

Adverse Effects E

max

1.7 ± 0.8 4.0 ± 1.0 6.8 ± 1.8 13 ± 2.5 14 ± 3.3 6.2 ± 1.8 11.0

<0.001 NS NS

*** ***

NS NS

*** ***

NS

* *

NS NS

* **

BDNF (pg/mL) C

max

2953 ± 484 3800 ± 617 3561 ± 464 3848 ± 723 5685 ± 693 4372 ± 880 2.61 <0.05 NS NS NS

*

NS NS NS NS NS NS NS NS NS NS NS

*P<0.05, **P<0.01, ***P<0.001; NS, not significant; E

max

, maximal effect; ΔE

max

, maximal difference from baseline; C

max

, maximal concentration
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Table S3. Characteristics of the subjective response to different doses of LSD

Effect 25 µg LSD 50 µg LSD 100 µg LSD 200 µg LSD

Time to onset (h) 1.0 ± 0.4 (0.6 - 1.8) 0.7 ± 0.2 (0.4 - 1.2) 0.6 ± 0.2 (0.4 - 0.9) 0.4 ± 0.2 (0.1 - 0.9)

Time to offset (h) 7.7 ± 2.1 (5.0 - 12.6) 8.1 ± 2.3 (4.9 - 13) 8.9 ± 3.0 (5.8 - 18) 11 ± 4.9 (6.3 - 22)

Time to maximal effect (h) 2.8 ± 0.8 (1.8 - 4.9)  2.4 ± 0.6 (1.6 - 3.3) 2.6 ± 1.1 (1.3 - 6.5)  2.2 ± 0.9 (1.3 - 5.1) 

Effect duration (h) 6.7 ± 2.0 (4.3 - 12) 7.4 ± 2.3 (4.4 - 12) 8.3 ± 2.9 (5.0 - 18) 11 ± 5.0 (5.6 - 22)

Maximal effect (%) 17 ± 11 (0 - 37) 46 ± 21 (7 - 86)  76 ± 21 (13 - 97) 76 ± 26 (7 - 98)

Parameters are for "any drug effects" as predicted by the PK-PD link model. The threshold to determine times to onset and offset was set 

individually at 10% of the individual maximal response. Values are mean 

± 

SD (range). Parameters could not be determined for the LSD plus 

ketanserin treatement condition because the response was too small. 
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Table S4. Pharmacokinetic parameters for different doses of LSD based on non-compartmental analyses

LSD (µg) C

max

 (ng/mL)  t

max

 (h) t

1/2

 (h)

AUC

24 

(ng·h/mL) 

AUC

∞ 

(ng·h/mL) 

CL/F (L/h)  V

z

/F (L) 

25

Geometric mean (95% CI) 0.51 (0.43-0.60) 1.2 (0.9-1.6) 4.2 (3.5-4.9) 3.4 (2.7-4.3) 3.6 (2.8-4.7) 6.8 (5.3-8.9) 42 (34-52)

Range 0.21-0.69) 0.4-3 3.2-11 1.1-8.9 1.2-12.3 2.0-20 25-143

50

Geometric mean (95% CI) 1.1 (1.0-1.2) 1.2 (0.93-1.5) 3.9 (3.5-4.5) 7.4 (6.3-8.6) 7.7 (6.4-9.2) 6.5 (5.4-7.7) 37 (33-41)

Range 0.79-1.5 0.50 -3.0 3.0-9.7 4.3-19 4.4-25 2.0-11 30-51

100

Geometric mean (95% CI) 2.0 (1.8-2.2) 1.2 (0.89-1.7) 4.0 (3.5-4.6) 15 (13-17) 15 (13-18) 6.5 (5.4-7.8) 38 (33-43)

Range 1.6-2.9 0.50-3.0 3.2-8.1 10-35 11-44 2.2-9.3 22-52

200

Geometric mean (95% CI) 3.8 (3.4-4.3) 1.5 (1.1-2.0) 4.2 (3.8-4.8) 29 (24-35) 31 (25-38) 6.5 (5.2-8.0) 40 (36-45)

Range 2.4-6.9 0.4-6.0 2.8-9.0 18-97 18-132 1.5-11 20-60

Geometric mean (95% CI) 4.3 (4.0-4.7) 1.4 (0.95-2.1) 4.4 (3.7-5.3) 34 (28-40) 35 (29-44) 5.6 (4.6-6.8) 36 (32-40)

Range 3.4-6.3 0.50-4.0 3.1-13 25-81 26-12 1.7-7.8 23-50

AUC, area under the plasma concentration-time curv; AUC

∞

, AUC from time zero to infinity; AUC24, from time 0-24; CL/F apparent total clearance; C

max

, 

maximum observed plasma concentration; T

1/2

, plasma half-life; T

max

, time to reach C

max

; 95%CI, 95% confidence interval; V

z

/F, apparent volume of distribution

200 + 

Ketanserin
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Table S5. Pharmacokinetic parameters for O-H-LSD after administration of different doses of LSD and based on non-compartmental analyses

LSD  (µg) C

max

 (ng/mL)  t

max

 (h) t

1/2

 (h) AUC

24 

(ng·h/mL)  AUC

∞

 (ng·h/mL) 

25

Geometric mean (95% CI) 0.03 (0.02-0.04) 5.0 (4.0-6.1) 8.6 (7.2-10) 0.39 (0.31-0.47) 0.48 (0.39-0.59)

Range 0.01-0.05 2.0-10 5.2-21 0.16-0.71 0.19-0.89

50

Geometric mean (95% CI) 0.07 (0.06-0.07) 4.8 (4.0-5.7) 8.5 (7.4-9.8) 0.82 (0.72-0.92) 1.0 (0.9-1.2)

Range 0.04-0.12 2.0-10 5.7-23 0.51-1.3 0.7-1.7

100

Geometric mean (95% CI) 0.12 (0.10-0.14) 5.0 (4.1-6.1) 8.3 (7.1-9.6) 1.6 (1.4-1.8) 1.9 (1.7-2.2)

Range 0.06-0.18 3.0-10 5.8-18 1.1-2.3 1.2-3.3

200

Geometric mean (95% CI) 0.25 (0.21-0.28) 5.1 (4.4-5.9) 8.2 (6.9-9.8) 3.3 (2.9-3.7) 4.0 (3.5-4.7)

Range 0.15-0.39 3.9-10 5.5-27 2.1-5.4 2.6-7.1

Geometric mean (95% CI) 0.24 (0.20-0.29) 4.9 (4.4-5.5) 8.6 (7.2-10) 3.2 (2.8-3.7) 4.0 (3.5-4.6)

Range 0.15-0.38 4.0-6.0 6.0-22 2.0-5.0 2.4-5.9

AUC, area under the plasma concentration-time curv; AUC

∞

, AUC from time zero to infinity; AUC24, from time 0-24; C

max

,

 

maximum observed 

plasma concentration; T

1/2

, plasma half-life; T

max

, time to reach C

max; 

95%CI, 95% confidence interval

200 + 

ketanserin
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Table S6. Pharmacodynamic parameter estimates for the LSD effect (PK-PD link model)

Effect Dose ( µg) EC

50

 (ng/ml) E

max

 (%)

γ

k

eo

 (1/h)

any drug effect 25 0.77±0.5 70±36 4.2±1.0 1.3±1.1

50 0.88±0.3 81±30 4.1±1.3 1.9±1.5 

100 1.1±0.3 90±23 4.7±0.7 2.1±1.4

200 2.0±0.9 83±28 5.3±3.0 4.5±3.1

good drug effect 25 1.1±0.6 60±42 4.5±0.6 1.6±1.1

50 0.93±0.4 80±29 4.1±1.3 1.9±1.5

100 1.2±0.4 83±30 4.5±0.9 1.9±1.0

200 2.0±1.2 75±30 4.1±1.2 3.1±1.7 

bad drug effect 25 2.1±0.5 6.3±15 4.7±0.4 2.1±0.9

50 1.9±0.6 8.0±16 4.0±1.6 2.5±1.4

100 2.0±1.0 20±34 3.1±1.3 3.1±1.5

200 2.7±1.2 41±43 4.0±1.4 3.4±1.6

ego dissolution 25 2.1±0.4 9.8±22 4.6±0.5 1.8±0.5

50 1.6±0.7 45±45 4.7±0.6 1.8±1.0

100 1.8±0.5 69±39 4.2±1.2 2.5±1.7

200 2.5±1.2 77±30 4.3±0.9 3.0±1.7

E

max

, maximal effect predicted by the PK-PD link model; EC50, predicted drug concentration at 

effect site producing a half-maximal effect; γ, sigmoid shape parameter; k

eo

, first-order rate 

constant for the equilibration process between plasma concentration and effect site (PK-PD 

model link parameter); values are means±standard deviations. 
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Table S7. Drug dose identification after each session and after the study

after 

Session

after 

Study

after 

Session

after 

Study

after 

Session

after 

Study

after 

Session

after 

Study

after 

Session

after 

Study

after 

Session

after 

Study

correctly identified 56% 63% 44% 69% 50% 63% 56% 63% 56% 75% 81% 69%

missclassified as LSD 200 µg 44% 19% 0% 6% 0% 0% 0% 0% 0% 6%

missclassified as LSD 100 µg 38% 31% 25% 0% 0% 0% 0% 0% 0% 6%

missclassified as LSD 50 µg 0% 6% 13% 6% 31% 13% 19% 6% 0% 6%

missclassified as LSD 25 µg 6% 0% 0% 6% 19% 6% 19% 13% 13% 13%

missclassified as LSD 200 µg + ketanserin 0% 0% 0% 0% 6% 13% 6% 6% 6% 0%

missclassified as placebo 0% 0% 0% 0% 0% 13% 6% 13% 6% 6%

Placebo LSD 200 µg LSD 100 µg LSD 50 µg LSD 25 µg

LSD 200 µg +

Ketanserin
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Table S8.  Acute adverse drug effects 

0h 0-12h12-24h 0h 0-12h12-24h 0h 0-12h12-24h 0h 0-12h12-24h 0h 0-12h12-24h 0h 0-12h12-24h

Tiredness

4 4 7 7 6 7 5 7 8 4 5 7 6 11 9 5 8 4

Headache

1 6 4 1 5 4 0 10 9 0 5 4 1 5 5 0 3 3

Lack of concentration 0 7 1 0 6 1 0 11 5 0 8 3 1 7 3 0 2 0

Lack of appetite 0 3 0 0 3 0 0 8 3 0 8 1 0 4 2 0 1 0

Dullness

0 4 1 1 3 2 0 5 4 0 4 3 1 2 3 0 1 1

Brooding

0 2 0 0 3 1 0 7 6 1 4 3 0 2 4 0 1 0

Dry mouth 1 2 2 0 3 3 0 4 2 0 4 2 0 3 3 0 3 1

Feeling of weakness

0 3 0 0 3 2 0 7 3 0 5 2 0 2 3 0 0 0

Uneasiness 0 1 0 1 4 1 0 9 2 0 5 2 0 2 4 0 0 0

Hypersensitivity to certain odours 0 2 0 0 4 2 0 5 2 0 6 2 0 3 2 0 1 0

Lack of energy

1 3 0 0 2 1 0 6 3 0 3 2 1 4 3 0 1 0

Abdominal pain

0 3 0 0 4 1 0 4 1 1 3 2 0 3 3 0 2 0

Obliviousness

0 1 0 0 3 2 0 5 4 0 5 2 0 0 2 0 0 0

Crying tendency 

0 1 0 0 1 1 0 5 4 0 5 3 0 1 2 0 0 0

Nausea 0 2 0 0 0 0 0 5 1 0 5 3 0 3 1 0 2 1

Rapid exhaustibility

0 0 0 0 2 1 0 6 2 0 5 3 1 1 2 0 0 0

Dizziness

0 3 0 0 1 1 0 5 2 0 3 0 0 4 1 0 0 0

Excessive urge to urinate 0 2 1 0 2 1 0 3 1 0 2 2 0 4 1 0 0 1

Feel of pressure or fullness

0 0 0 0 3 0 0 3 1 0 5 2 0 2 3 0 1 0

Imbalance 0 1 0 0 0 1 0 7 1 0 6 1 0 2 1 0 0 0

Data indicate number of subjects reporting an effect among a total of 16 subjects.

Placebo LSD 25 µg LSD 50 µg LSD 100 µg LSD 200 µg

LSD 200 µg + 

Ketanserin
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